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Japanese Patent Laid-Open No. 369271/1992 

Laid-Open Date: December 22, 1992 

Application No. 170438/1991 

Application Date: June 17, 1991 

Request for Examination: Not made 

Inventors: TAKEDA Koji et al . 

Applicant: Casio Computer Co., Ltd. 

Title of the Invention: THIN-FILM TRANSISTOR 

Abstract : 

Purpose: To reduce a cut-off current sufficiently without 
greatly affecting an ON-state current. 

Constitution: An underlayer insulating thin film 2 is disposed 
on the upper surface of a substrate 1. A cut-off current 
suppressing layer 3 is disposed on the upper surface of the 
underlayer insulating thin film 2. A semiconductor thin film 
4 made of po,lysilicon or the like is disposed at a predetermined 
position on the upper surface of the cut-off current suppressing 
layer 3. A gate insulating film 5 is disposed on the upper 
surfaces of the semiconductor thin film 4 and the cut-off current 
suppressing layer 3. A gate electrode 7 is disposed at the 
portion on the upper surface of the gate insulating film 5 
corresponding to a cannel region 6 of the semiconductor thin 
film 4. Source/drain regions 8 contained with an impurity at 
high concentration are disposed in the semiconductor thin film 



4 at both sides of the gate electrode 7. The cut-off current 
suppressing layer 3 is made of a semiconductor thin film of 
poly-silicon or the like contained with an impurity of an opposite 
conductive type to the source/drain regions 8 ( a P- type impurity 
when the source/ drain regions 8 are N-type, and an N-type 
impurity when P-type) . 

Claims : 

1. A thin-film transistor characterized in that 
source/drain regions contained with an impurity of one 
conductive type at high concentration are disposed in a 
single -layer or multiplayer semiconductor thin film and a 
cut-off current suppressing layer is joined to one surface of 
the source/drain regions. 

2. The thin-film transistor according to claim 1 
characterized in that said cut-off current suppressing layer 
is made of a semiconductor thin film contained with an impurity 
of the other conductive type. 

3. The thin-film transistor according to claim 1 
characterized by comprising an underlayer insulating thin film 
made of silicon oxide, silicon nitride or the like. 

4. The thin-film transistor according to claim 1 
characterized in that the source /drain regions of said 
semiconductor thin film have an LDD structure made of a high 
concentration impurity region and a low concentration impurity 
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region on a periphery of the high concentration impurity region . 

5. The thin-film transistor according to claim 1 
characterized by being co-planar type. 

6. The thin-film transistor according to claim 1 
characterized in that said semiconductor thin film has a layered 
structure of a channel semiconductor thin film and a source 
and drain semiconductor thin film. 

7. The thin-film transistor according to claim 1 
characterized in that a source and drain semiconductor thin 
film is formed to be a layered structure of a high concentration 
impurity region and a low concentration impurity region. 

8. The thin-film transistor according to claim 1 
characterized in that said cut-off current suppressing layer 
is formed corresponding only to a portion between source/drain 
electrodes of said semiconductor thin film. 

9. The thin-film transistor according to claim 1 
characterized in that said semiconductor thin film has a layered 
structure of a channel semiconductor thin film and a source 
and drain thin film made of a high concentration impurity region 
and a low concentration impurity region. 

10. The thin-film transistor according to claim 9 
characterized in that said cut-off current suppressing layer 
is formed corresponding only to a portion between source/drain 
electrodes of said semiconductor thin film. 
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[Detailed Description of the Invention] 
[0001] 

[Industrial field of Application] 

The present invention relates to a thin-film transistor. 

[0002] 
[Prior Art] 

For example, co-planar type thin-film transistors 
generally have a structure in which a semiconductor thin film 
made of polysilicon or the like is deposited on a substrate 
made of silicon, quartz, heat-resistant glass or the like 
directly or through an underlayer insulating thin film made 
of silicon oxide , silicon nitride or the like , this semiconductor 
thin film is covered with a gate insulating film made of silicon 
oxide, silicon nitride or the like, a gate electrode is disposed 
at the portion on the gate insulating film corresponding to 
the channel region of the semiconductor thin film, N-type or 
P-type source/ drain regions contained with an impurity at high 
concentration are disposed in the semiconductor thin film at 
both sides of the gate electrode, and source/drain electrodes 
to be connected to the source/drain regions through a contact 
hole are disposed on the gate insulating film. 
[0003] 

[Problems that the Invention is to Solve] 

However, in such thin-film transistors, when a cut-off 
current is reduced sufficiently in order to decrease a leakage 
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current , an ON- state current is also reduced almost proportional 
to this . Thus , there has been a problem that reducing the cut-off 
current is limited. It is caused by that the cut-off current 
is determined by the interface condition between the underlayer 
insulating thin film and the semiconductor thin film, the bulk 
characteristic of the semiconductor thin film, the interface 
condition between the semiconductor thin film and the gate 
insulating film and the like, whereas the absolute value of 
the ON- state current when the gate voltage measured by the 
threshold voltage of the thin- film transistor is fixed is 
determined by the bulk characteristic of the semiconductor thin 
film (mainly, it is reflected in the field effect mobility) . 
Additionally, it is caused by that the interface condition 
between the underlayer insulating thin film and the 
semiconductor thin film adversely influences the bulk 
characteristic of the semiconductor thin film, the interface 
condition between the semiconductor thin film and the gate 
insulating film or the like. The purpose of the invention is 
to provide a thin-film transistor capable of reducing the cut-off 
current sufficiently without greatly affecting the ON- state 
current . 
[0004] 

[Means for solving the Problems] 

The invention is that source/drain regions contained with 
an impurity of one conductive type at high concentration are 
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disposed in a single-layer or multilayer semiconductor thin 

film and a cut-off current suppressing layer is joined to one 

surface of the source/drain regions. 

[0005] 

[Operation] 

According to the invention, the cut-off current 
suppressing layer is joined to one surface of the source/drain 
regions and thus the cut-off current can be reduced sufficiently 
without greatly affecting the ON- state current. 
[0006] 
[Example] 

Fig. 1 depicts one example when the invention is applied 
to the co-planer type thin-film transistor. In this thin-film 
transistor, an underlayer insulating thin film 2 made of silicon 
oxide, silicon nitride or the like is disposed on the upper 
surface of a substrate 1 made of silicon, quartz , heat-resistant 
glass or the like. A cut-off current suppressing layer 3 , which 
will be detailedly described later, is disposed on the upper 
surface of the underlayer insulating thin film 2. A 
semiconductor thin film 4 made of polysilicon or the like is 
disposed at a predetermined position on the upper surface of 
the cut-off current suppressing layer 3. A gate insulating 
film 5 made of silicon oxide, silicon nitride or the like is 
disposed on the upper surfaces of the semiconductor thin film 
4 and the cut-off current suppressing layer 3 . A gate electrode 
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7 made of aluminium is disposed at the portion on the upper 
surface of the gate insulating film 5 corresponding to a channel 
regio'n 6 of the semiconductor thin film 4 . Source/ drain regions 

8 contained with an impurity at high concentration by ion 
implantation, thermal diffusion or the like are disposed in 
the semiconductor thin film 4 at both sides of the gate electrode 
7. The cut-off current suppressing layer 3 is made of a 
semiconductor thin film of amorphous silicon or polysilicon 
contained with an impurity of an opposite conductive type to 
the source/drain regions 8 (a P-type impurity when the 
source/drain regions 8 are N-type, and an N-type impurity when 
P-type) . A contact hole 9 is disposed at the portions in the 
gate insulating thin film 5 corresponding to the source/drain 
regions 8 of the semiconductor thin film 4 . On the upper surface 
of the gate insulating thin film 5, source/drain electrodes 
10 made of aluminium are disposed and connected to the 
source/drain regions 8 of the semiconductor thin film 4 through 
the contact hole 9 . 

[0007] 

Thus, in this thin- film transistor, the cut-off 
suppressing layer 3 made of the semiconductor thin film contained 
with the impurity of the opposite conductive type to the 
source/drain regions 8 is disposed between the underlayer 
insulating this film 2 and the source/drain regions 8 of the 
semiconductor thin film 4. Therefore, the cut-off current can 
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be reduced sufficiently without greatly affecting the ON-state 
current- Particularly, when the cut-off suppressing layer 3 
is contained with the opposite conductive type impurity ions 
to the impurity ions contained in the source/drain regions 8 
of the semiconductor thin film 4, a diode reversely oriented 
to the drain current is formed in the interface with the source 
or drain region 8. The effect thereof becomes considerably 
great . 
[0008 ] 

Next, Fig. 2 depicts one example when the invention is 
applied to the co-planar type thin-film transistor of an LDD 
(Lightly Doped Drain) structure. In this drawing, the same 
portions as Fig. 1 are designated the same numeral and signs, 
omitting the descriptions properly. This thin-film transistor 
has a structure in which source/drain regions 8a having low 
impurity concentration are formed on both sides of a channel 
region 6, . source/drain regions 8b having high impurity 
concentration are formed on the upper surface side of the 
source/drain regions 8a having low impurity concentration, and 
source/drain electrodes 10 are connected to the source/drain 
regions 8b having high impurity concentration. In this 
thin-film transistor, as similar to the aforesaid co-planar 
type thin- film transistor, the cut-off current can be reduced 
sufficiently without greatly affecting the ON-state current. 
In addition to this, the source/drain regions 8a having low 
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impurity concentration can relax a high electric field and thus 
the improvement of voltage resistance can be intended. 
[000-9] 

Subsequently, Fig. 3 depicts one example when the 
invention is applied to a stagger type thin-film transistor. 
In this thin-film transistor, an underlayer insulating thin 
film 22 made of silicon oxide, silicon nitride or the like is 
disposed on the upper surface of a substrate 21 made of silicon, 
quartz, heat-resistant glass or the like. At a predetermined 
position on the upper surface of the underlayer insulating thin 
film 22, a cut-off current suppressing layer 23 is deposited, 
which will be detailedly described later. At both sides on 
the upper surface of the cut-off current suppressing layer 23, 
source/drain semiconductor thin films 24 made of polysilicon 
or the like contained with an impurity at high concentration 
are disposed. The cut-off current suppressing layer 23 is made 
of a semiconductor thin film of amorphous silicon or polysilicon 
contained with an impurity of an opposite conductive type to 
the source/drain semiconductor thin films 24 (a P-type impurity 
when the source/drain semiconductor thin films 24 are N-type, 
and an N-type impurity when P-type) . A channel semiconductor 
thin film 25 made of polysilicon or the like is deposited on 
the right side upper surface of the left side source/drain 
semiconductor thin film 24, the left side upper surface of the 
right side source/drain semiconductor thin film 24 and the upper 
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surface of the cut-off current suppressing layer 23 between 
the source/drain semiconductor thin films 24. On the upper 
surfaces of the channel semiconductor thin film 25, the 
source/drain semiconductor thin films 24 and the underlayer 
insulating thin film 22 , a gate insulating film 26 made of silicon 
oxide, silicon nitride or the like is deposited. At the portion 
on the upper surface of the gate insulating film 26 corresponding 
to the channel semiconductor thin film 25 between the 
source/drain semiconductor thin films 24, a gate electrode 27 
made of aluminium is deposited. At the portions of the gate 
insulating film 26 corresponding to the source/drain 
semiconductor thin films 24, a contact hole 28 is disposed. 
On the upper surface of the gate insulating film 26 , source/drain 
electrodes 29 made of aluminium are disposed and connected to 
the source/drain semiconductor thin films 2 4 through the contact 
hole 28. 
[0010] 

Thus, in this thin- film transistor, the cut-off current 
suppressing layer 23 made of the semiconductor thin film 
contained with the opposite conductive type impurity to the 
source/drain semiconductor thin films 24 is disposed between 
the underlayer insulating thin film 22 and the source/drain 
semiconductor thin films 24. Therefore, the cut-off current 
can be reduced sufficiently without greatly affecting the 
ON-state current. 



[0011] 

Next, Fig. 4 depicts one example when the invention is 
applied to the stagger type thin-film transistor of the LDD 
structure. In this drawing, the same portions as Fig. 3 are 
designated the same numeral and signs , omitting the descriptions 
properly. This thin-film transistor is only different from 
the example shown in Fig. 3 in that source/drain semiconductor 
thin film 24 is formed to have a layered structure of a low 
concentration impurity region 24a and a high concentration 
impurity region 24b. A cut-off current suppressing layer 23 
is formed facing to the low concentration impurity region 24a. 
The low concentration impurity region 24a and the high 
concentration impurity region 2 4b may be formed by varying the 
depths of ion implantation or each of them may be deposited 
by CVD in a low concentration impurity atmosphere and a high 
concentration impurity atmosphere. In this thin-film 
transistor; as similar to the aforementioned stagger type 
thin-film transistor, the cut-off current can be reduced 
sufficiently without greatly affecting the ON-state current. 
In addition to this, the source/drain semiconductor thin films 
24a contained with the impurity of low concentration can relax 
a high electric field and thus the improvement of voltage 
resistance can be intended. 
[0012] 

Subsequently, Fig. 5 depicts one example when the 
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invention is applied to a reverse stagger type thin-film 
transistor. In this thin-film transistor, an underlayer 
insulating thin film 32 made of silicon oxide, silicon nitride 
or the like is disposed on the upper surface of a substrate 
31 made of silicon, quartz, heat-resistant glass or the like. 
At a predetermined position on the upper surface of the 
underlayer insulating thin film 32, a gate electrode 33 made 
of aluminium is disposed. On the upper surfaces of the gate 
electrode 33 and the underlayer insulating thin film 32, a gate 
insulating film 34 made of silicon oxide, silicon nitride or 
the like is disposed. At a predetermined position on the upper 
surface of the gate insulating film 34, a channel semiconductor 
thin film 35 made of polysilicon or the like is disposed. At 
both sides on the upper surface of the channel semiconductor 
thin film 35, source/drain semiconductor thin films 36 made 
of polysilicon or the like , which are contained with an impurity 
at high concentration, are disposed. On the upper surface of 
the right end part of the left side source/drain semiconductor 
thin film 36, the upper surface of the left end part of the 
right side source/ drain semiconductor thin film 36 and the upper 
surface of the channel semiconductor thin film 35 between the 
source/drain semiconductor thin films 36, a cut-off current 
suppressing layer 3 7 is disposed. The cut-off current 
suppressing layer 37 is made of a semiconductor thin film of 
amorphous silicon or polysilicon contained with an impurity 
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of an opposite conductive type to the source/drain semiconductor 
thin films 36 (a P-type impurity when the source/drain 
semiconductor thin films 36 are N-type, and an N-type impurity 
when P-type) . On the upper surfaces of the cut-off current 
suppressing layer 37 and the source/drain semiconductor thin 
films 36 etc. , a passivation thin film 38 made of PSG or the 
like is disposed. At the portions of the passivation thin film 
38 corresponding to the source/drain semiconductor thin films 
36, a contact hole 39 is disposed. On the upper surface of 
the passivation thin film 38, source/drain electrodes 40 made 
of aluminium are disposed and connected to the source/ drain 
semiconductor thin films 36 through the contact hole 39. That 
is, in this example, the cut-off current suppressing layer 37 
is formed corresponding to the portions of the channel 
semiconductor thin film 35 and the source/drain semiconductor 
thin films 36 between source/drain electrodes 40. 
[0013] 

Thus, in this thin-film transistor, the cut-off current 
suppressing layer 37 made of the semiconductor thin film 
contained with the impurity of the opposite conductive type 
to the source/drain semiconductor thin films 36 is disposed 
between the source/drain semiconductor thin films 36 and the 
passivation thin film 38. Therefore, the cut-off current can 
be reduced sufficiently without greatly affecting the ON- state 
current . 
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[0014] 

Next, Fig. 6 depicts one example when the invention is 
applied to the reverse stagger type thin-film transistor of 
the LDD structure. In this drawing, the same portions as Fig. 
5 are designated the same numeral and signs, omitting the 
descriptions properly. This thin-film transistor is only 
different from the example shown in Fig. 5 in that source/drain 
semiconductor thin film 36 is formed to have an LDD structure 
made of a low concentration impurity region 3 6a and a high 
concentration impurity region 36b. In this case, the area 
joined to a source/drain electrode 40 is to be the high 
concentration impurity region 36b and the area positioned inside 
thereof is to be the low concentration impurity region 36a. 
A cut-off current suppressing layer 37 is formed corresponding 
only to the channel region of a channel semiconductor thin film 
35 and the low concentration impurity regions 36a of the 
source/drain semiconductor thin films 36. In this thin-film 
transistor, as similar to the aforesaid reverse stagger type 
thin- film transistor, the cut-off current can be reduced 
sufficiently without greatly affecting the ON-state current. 
In addition to this, the source/drain semiconductor thin film 
36a contained with the impurity of low concentration can relax 
a high electric field and thus the improvement of voltage 
resistance can be intended. 
[0015 ] 
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[Advantage of the Invention] 

As described above, according to the invention, the 
cut-off current suppressing layer is joined to one surface of 
the source/drain regions and therefore the cut-off current can 
be reduced sufficiently without greatly affecting the ON-state 
current . 

[Brief Description of the Drawings] 

Fig. 1 is a sectional view illustrating one example when 
the invention is applied to the co-planar type thin- film 
transistor; 

Fig. 2 is a sectional view illustrating one example when 
the invention is applied to the co-planar type thin-film 
transistor of the LDD structure; 

Fig. 3 is a sectional view illustrating one example when 
the invention is applied to the stagger type thin -film 
transistor; 

Fig. 4 is a sectional view illustrating one example when 
the invention is applied to the stagger type thin-film transistor 
of the LDD structure; 

Fig. 5 is a sectional view illustrating one example when 
the invention is applied to the reverse stagger co -planar type 
thin-film transistor; and 

Fig. 6 is a sectional view illustrating one example when 
the invention is applied to the reverse stagger co-planar type 
thin-film transistor of the LDD structure. 
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[Description of the Reference Numerals and Signs] 

1 SUBSTRATE 

2 - UNDERLAYER INSULATING THIN FILM 

3 CUT-OFF CURRENT SUPPRESSING LAYER 

4 SEMICONDUCTOR THIN FILM 

5 GATE INSULATING FILM 

6 CHANNEL REGION 

7 GATE ELECTRODE 

8 SOURCE /DRAIN REGION 

10 SOURCE /DRAIN ELECTRODE 
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